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THE EXISTENCE, IN COSMIC RAYS, Cr FOSITIVE
AND NEGATIVE PARTICIES WITH m& GREATER THAN THE MESON'S

Alagez, elsvation 3,250 meters. The eoft component «f cosmic rays were ospecially

investigatsd. All theso stulies demonstrated that rls soft component could not be

Pnys. 8, 314, 16kh; Mikitin et al, J. of Phy. 9, 167, 1545; landau, J. of Fhy.

8, 201, 19k4; Vaysenberg. st al, J. of Phy. 10, 294, 19h6).
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From 1942 to the present, cosmic reys have vest t:croughly stulied on Mt
oxplainel by elactrons, photons, or mesons alone (Alikhancy and Alikhanyan, J. of

Thus, the soft component of cosmic rays had to. combain a new particle.
Experiments in-donization first showed it Yo be nomslectronic in propsrty. These
oxporiments revealed a mass 0.8 -.1.4 times the mass of the protor, aml therefore
the new particle was at first shought \tc bemerely a vrcton of 100 - 200 Mev energy.
But further swdidn, saneri=11v wvith the aid of the larce nesust at Mt Alsgez, re-
voaled that these new haavy particles must posssss: ot pusitive and negative cha.ges.

This last and startling phase is diecuseed in the following report, which
is the first published work on the nature of the charge of ihe new heavy particle
found in the soft component of cosmic rays. A discussion of the method epioyed
to atudy the new particis follows:

Mothod
Tus method used in.cosmic ray studies et Mt Aleg+. 1. uew and has many unusual

fe'gturoa ; thersfcre, !t deserves a detailed descriptior, (i involves an apparatus
fo{' ra.nalyg_ing cosmis rays by wr znetic Adeflecticn. It~ 2;parctus conslsts of an
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; ovdinaxy "telescope” of three verticel rows of counters, I, II, III, and of a RELRER
\ : persmansnt vagnet producing a uniform field bstwesn row I ard III. The counters R A
’ are arranged parallel to the field dirscticn in the gap of the megnet. ' i

The counters operats an elsctronic syatem in < ch ~ way that dlscharge
coincidences in counters of rows I, IT, III ; caussd by perticles passing through
thy telsacope, ere exactly registered and thus it ig kucwn through which counters
tho particles pessed. This 1g achieved by conmsciing olectronically each counter
to a nson-flashing buldb on a spscial panel, Thus the passrge of a particle .
through the ¥élescope flmshesa the proper mson tulbs of ihs counters . through whicr ) ;
the particle passed. These flashes are corntinmously photographed on motion picture ‘
film. %This methed was developed by S, Ya. Rikitin,

The pulse of a particle 18 easily determinsd frem Yts deflsction 1n the RN
megaetic field, which deflection in turn fa readiiy found from the histery of L :

the psriicle’s passege recorded by the flashes. Rows I, II, III, were commscted . L

in & "coincldence syetem”! abaorbers of various thickmesses are placed betwesn c R |
rowe III and IV. Thue a particle's deflection sz track cen bo elmultansously :
meosured, Five to 6 centimeters of lead between IIT and IV serve to separate

the soft component from the hard, aml at the seme time the pulse distribution o:

both ccamponente can be photographed. :

The trejectory e¢f a chargsd particle in & weifcrnm megueilc fleld is helical .
of course, A eimple mathemstical analysis of this trajectory wae made and applied .
to the problem of pulse dstermination. Pulse 15 measured in uniis of ev/c and
H - 3,850 oersteds. A peculiar qusntity, called "candls power" S, had to be
determined for the apparatus. "Candle powver” 1s defined ac the number of combinations
of counters eff'ecting deviation.

Deviation of particles is measured by ihe apparatus with different effectiveness
or efficiency, depending upon the magnitudle of deviation. Since large deviations are
measwred by a smaller numbexr of combinations of counters and small deviations are
meesured by a largs number of possible combinations, the system is thus less
sonsitive to large deviations than to emall onss. This axplains the nesed for the
above-mentioned candle ‘power, for which much study and graphs werc needed.

The method, of course, 1s affected by so-called "eccidsntal” or chance coln-
cidences. All possible other errors were carefully listed anmd their effects
measured. Formulas end graphs are given for relating errors in determination of
particle coordinates, probability of scatter bty walls or megnetic field, secomdary
particles, and accidentdl coincidences.

The counters used were self-quenching ones, filled with argen (90 percent) and
alcohol™ wapor (10 percent of pressure). They were placed in unscldered glasa
cylinders_ and had a copper cathode. Counting begun at SO0 volts, the "plateau’
width was : 152 - 200 volts., A total of 70 - £O counters were always in operation.

The electronic systewm operating the ccunters end bulbs wes fully developed,
as shown by the block-schematic diegram of the apparatus. The diugram shows megnet,
rewe, individual ccuntere, amplifiers, moticn plcturs apieratus, neon buibs, yunel,
migter pulse block, and wiring circuits.

The flashes from the necn bulbs were photographed on panchromatic motion

picture film with a "Zinamo" mction plcture appsrstus. The frame was mcved cfter
each master puise. A total of 12,000 framss were taks..
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Results : ‘ ) ] LN .

The minimup pulee measured was 017'105 ev/c. As mertionsd, 12,000 photographs
wore teken for various lead-filter thicknespes and errangements, shown fully in
tables and figures. Ususlly  the sofv component was soparated from the haxd
component. By a 5.h-centimeter lead-filter between rows III and IV. Variocus filter
arrangements wore employed to separate electrons, mesoms, or protone by Ingerting
various thickrass of lead bétween the .aricus rows besides IIT and IV.

The spectrum of the hard comprnent was obtained. ‘Ife herd component which Sl
wag cemprised at timss cf mesons and electrons trmversed 5.k .centimeters of lead. RS AT y
Spectra of meson and electron pulsés were mlso obtailned urd cre shown in tables - ' *
apdl grapho according to deviation {centimsters), number of trajectories (positive SO L
ard negative), and candle power (in percent). e d

The data permitted obtaining the mecon megs, which was found to be: i
= (220 % 40 (where m 1s the electron masa). RISt J
-]

Bseldes the major interest in the sign of the charge of ths mew particle, ; ST
shown %0 Ye both positive ard negativs, other dats was collected, eppecisally in. R N
connection with the problem of accidentisl coincidences. Thug, 5,640 comdbinations DRCHNPALAN
of" ccunters roagulted to give all possible deviations, I% was found that one
combination per hour gave 0.33/5640"accidental coincidences! .As for the numbsr
of:-accidentisal-coincidences correspording to & given deviation, 1,230 combinations
produced deviations of 10 - 23 centimetera.

The experimental results gaven an excellent opportunity to check the various
avalanche theories. Good agreements wers found for Belen'idiy's and Landau's theories
of cascadle showsers. Tables and graphs are used to illustrate the agreement.

Conclu sion

Magnetic anzlyels of cosmic ray soft componsnt &t an elevaticn of 3,250 meters
shoved that cosmic showers must contain particles with both positive and negative
signs, with masses greater than che meson masses., Exact determination of the new
particle’s mass was found tc be impossible, not because of inaccuracies in determining
the particle's pulse and range, but because of the diversity of masses. Thus, at
least thres different masses were fcund, among them masses greate: than the proton
mags.

Bothe's detailed study of the errors in determination of mescn masses was
vitiated by his use of fsulty experimentsl data of various suthors.

Conjocturevs vere made regarding the variatron and its transformation into the
meson.
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